Introduction
Osteoarthritis (OA) is one of the most prevalent joint diseases due to progressive cartilage degradation. Hip and knee OA was ranked as the 11th highest contributor to global disability, and it has been estimated that the global age-standardized prevalence of knee OA is between 3.6% and 4.1%. 1 The main goals of therapeutic management of OA are pain relief, increased range of motion, prevention of secondary functional disability, and protection against joint damage. Current therapeutic strategies for OA involve education, weight loss, counseling, use of assistive devices, analgesics, nutritional treatments such as glucosamine or chondroitin, nonsteroidal antiinflammatory drugs, intra-articular injections of hyaluronate and corticosteroids, physical therapy, and surgery 2 ; however, none of these interventions has been shown to stop the progression of the disease.
Initial studies conducted some time ago documented a beneficial effect of alkaline solutions of sodium bicarbonate on joint diseases 3 and a potential effect of calcium gluconate on inflammatory diseases. 4 Based on these initial clinical trials, a new pharmaceutical medication was developed combining the potential benefits of these 2 compounds. The efficacy of this combination in the reduction of the symptoms of knee OA was initially demonstrated in an 18-month longitudinal clinical trial. 5 This study compared the short-term efficacy of intraarticular injection of a sodium bicarbonate solution combined with 2 different concentrations of calcium gluconate with that of methylprednisolone (MP) regarding knee OA symptoms. Methylprednisolone was chosen for comparison because it is, at present, the most medically accepted medication for the treatment of OA symptoms.
Materials and Methods Subjects 2
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the American College of Rheumatology guidelines. 6 Patients were enrolled in the study after radiological confirmation that they had grade II, III, or IV knee OA according to the KellgrenLawrence criteria. 7 Participants were excluded from the study if they had had any intra-articular injection of corticosteroids or had undergone arthroscopic surgery within the 3 months prior to the commencement of the study. They were also excluded if they were pregnant or had been diagnosed with rheumatic disease, uncontrolled hypertension, active infection, or grade I radiographic OA according to the Kellgren and Lawrence classification. All radiographic examinations were performed by the same technician and were interpreted by 2 independent physicians, both certified in orthopedics and traumatology.
The study was conducted in compliance with International Committee on Harmonisation (ICH) Good Clinical Practice and the Declaration of Helsinki with its applicable revisions. The study was approved by the institutional review board for research involving human subjects of the University of Querétaro. All subjects voluntarily gave informed consent before being enrolled in the study.
A sample size of 111 subjects was estimated from the Lequesne Functional Index (LFI) and Western OntarioMcMaster University Osteoarthritis Index (WOMAC) score changes in a pilot study in which 18 patients who had been diagnosed with OA received monthly intra-articular injections of sodium bicarbonate and calcium gluconate for up to 6 months. The sample size accounted for an expected clinically significant change of 30% between groups in the global LFI and WOMAC score, assuming a standard deviation of 50%, an alpha error of 5%, a beta error of 20%, and a dropout rate of 20%. With these assumptions, 36 subjects per treatment group were necessary for initial enrollment according to the study design.
Experimental design
A randomized, double-blind, active-controlled, parallel-group clinical trial was conducted in a 3-month intervention period. A 3-month intervention period complied with the recommended doses of MP, which was selected as the control treatment, 8 and allowed for the evaluation of changes in OA symptoms. Subjects who met the inclusion criteria were randomly assigned to one of 3 treatments: (1) sodium bicarbonate and a single dose of calcium gluconate (SBCG1), (2) sodium bicarbonate and a double dose of calcium gluconate (SBCG2), or (3) MP. One researcher who had no direct contact with patients created a randomization list with randomly assorted digits. The list was delivered to the physicians who examined the patients, and treatment was assigned according to the randomization list order. Three experienced physicians scheduled several appointments with the participants for baseline assessment and 3 follow-up appointments for administration of the respective treatment in both knees (except for 2 patients with prosthesis who received treatment in 1 knee) and evaluation of disease progression. The same physician followed each patient throughout the study. At all 4 appointments, knee OA symptoms were evaluated with the WOMAC and Lequesne questionnaires, and adverse events were monitored. Concomitant treatment with analgesics and systemic corticosteroids was not allowed during the study.
Treatments
Treatments were identical in packaging, labeling, and appearance; thus, fieldwork personnel and patients were blinded to the treatment. All 3 treatments were suitable as ready-to-use aqueous solutions for injection, MP was administered via intraarticular injection at a dose of 8 mg/mL × 5 mL, SBCG1 was a solution containing 337.5 mg/5 mL sodium bicarbonate and 37.5 mg/5 mL calcium gluconate, and SBCG2 contained 337.5 mg/5 mL sodium bicarbonate and 75 mg/5 mL calcium gluconate. Both sodium bicarbonate and calcium gluconate (SBCG) treatments were claimed under patents. 9, 10 
Outcome variables
The main outcome variables for assessment of the efficacy of the experimental treatments were the changes from baseline to final assessment in the WOMAC score and the LFI. As reported previously, 5 the WOMAC OA index is a validated, multidimensional scale that consists of 24 questions in 3 separate subscales: pain, physical function, and stiffness. Each subscale score weighs 10 points, and the WOMAC global score is the sum of the 3 subscales and ranges from 0 to 30. 11 The LFI is a 10-question interview-style survey that includes evaluation of pain or discomfort, maximum walking distance, and performance of daily activities. The total questionnaire is scored on a 24-point scale. 12 The safety assessment was based on adverse events reported by the patient or observed by physicians during the study period. An adverse event was defined as any unfavorable and unintended sign, symptom, or disease temporally associated with the intervention treatment.
Data analysis
Baseline demographic variables and treatment compliance were analyzed with the chi-square test. The controlled trial was analyzed in 2 sets: one with participants who had at least 1 posttreatment evaluation (intention-to-treat basis) and another with subjects who finished the complete intervention and had no protocol deviations. Unadjusted analysis of variance (ANOVA) was used to compare mean changes from baseline to each posttreatment evaluation of WOMAC and LFI subscales and global scores. In addition, linear mixed models were used, including as terms the baseline values and the random effect of patients nested within the assessing doctor. Possible del Carmen Caamaño et al 3 confounders, such as gender, age, and body mass index, had no effect on mean change and thus were not included in the analyses. Pairwise comparisons between treatments were made using the least significant difference (LSD) test.
Adverse events were classified and quantified to evaluate treatment safety. Analyses were performed with SPSS for Windows version 18.0 (IBM)
Results
Of the 161 patients who were screened for the study, 111 met the inclusion criteria and agreed to participate. Participants were randomly assigned to one of the 3 study medications. During the 3-month study, 1 refused to receive the allocated intervention, 9 refused to continue due to personal reasons, 1 developed rashes and stopped the treatment according to the physician's recommendation, and 4 patients had protocol violations. Thus, 97 patients were included in the "per-protocol" data set analyses (Figure 1) .
The demographic characteristics at baseline of the patients who completed the study were statistically similar among groups (Table 1) . Radiographs taken at baseline did not show significant differences among treatment groups as to the patients' joint-space and marginal osteophyte formation in both knee compartments. A greater proportion of the patients were women (74 of 97), the mean age (±SD) was 54.7 ± 8.9 years, and the mean body mass index was classified as obese (31.7 ± 4.8 kg/m 2 ). Most patients (78 of 97) reported pain intensity in the target knee from moderate to severe.
Both sets of analyses produced similar results; thus, "per-protocol" analysis is presented throughout this study. Baseline, final values, and mean changes of the WOMAC subscale scores are shown in Table 2 . At the end of the study, the 3 treatment groups showed significant improvement in the WOMAC overall and subscale scores. The adjusted and unadjusted mean changes in the SBCG1 and SBCG2 groups were significantly greater than those of the MP group. Changes in the WOMAC global score after each month of treatment are shown in Figure 2 .
Baseline, final values, and mean changes of the LFI subscale scores are shown in Table 3 . After 3 months of treatment, patients in all 3 groups showed significant improvement in the subscale scores. The adjusted and unadjusted mean changes in both SBCG groups were significantly greater than the change in the MP group in at least 2 of the 3 subscales.
A greater mean change was observed in the global LFI in both SBCG groups compared with the mean change in the MP group (Figure 3) . 
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Knee pain was the most common adverse event reported in the 3 treatment groups. None of the reported adverse events was classified as severe.
Discussion
The results of this study confirm that intra-articular injections of sodium bicarbonate and calcium gluconate into the knee joint are significantly more effective in the reduction of knee OA symptoms than intra-articular injections of MP, which is a widely accepted corticosteroid treatment. Both SBCG groups showed a lower WOMAC total score and LFI by approximately 70% and 50%, respectively, compared with baseline values. The improvement based on these indices was significantly different from that of MP, which reduced OA symptoms by about 30% and 20%, respectively. This controlled trial had a duration of 3 months because 3 to 4 months have been recommended as the maximum dose of MP. 8 In contrast, monthly SBCG intra-articular injections have been administered safely for 12 months, their beneficial effects continuing for another 6 months. 5 An effective OA treatment has been defined as a 30% reduction in pain and functionality symptoms. 13, 14 Few intra-articular interventions have remarkably surpassed this threshold. 15 A recent clinical trial showed reductions with plasma rich in growth factors of 42% and 39% in WOMAC and LFI, respectively, compared with baseline values after 24 months. 14 The treatments evaluated in this study, SBCG1 and SBCG2, in only 3 months reduced pain and functionality scores even more than the effective plasma rich in growth factors. Although it has been assumed that plasma rich in growth factors plays an important role in the regeneration of damaged cartilage, there is no conclusive clinical evidence that supports its mechanism of action. Research evidence indicates that the beneficial effect of plasma rich in growth factors might be due to an anti-inflammatory effect and an inhibition of pain sensation. 15 The mechanism of action of the evaluated combination of sodium bicarbonate and calcium gluconate has not been entirely explained, either; the conceptualization and fundamentals of the development of the formulation have been explained previously. 5 Briefly, the facts that elucidate its mechanism of action are based on the alkaline pH of sodium bicarbonate, which promotes recovery of intracellular chondrocyte pH, normalizing intracellular metabolic activities, 16 leading to a rearrangement of the extracellular matrix. [17] [18] [19] Calcium gluconate protects the linkage between chondral and bone proteins from the hyperosmotic and acid conditions of the extracellular matrix, allowing for the recovery of the homeostatic mechanisms of the cartilage. 20 The effect of both compounds administered together may modify cartilage metabolism by stimulating anabolic activities and decreasing catabolic activities.
Clinical evidence from monthly intra-articular injections of SBCG2, which has a higher dose of calcium gluconate, has shown, on average, a slight increase in intra-articular joint space after 12 months of intervention. 5 This might suggest that cartilage regeneration, not pain inhibition or antiinflammatory effect, is the mechanism that improves pain and functionality scores. However, to confirm this effect, further studies evaluating magnetic resonance imaging outcomes are needed to support the effectiveness of SBCG in regenerating knee cartilage.
The use of SBCG therapy may produce similar or even greater effects than other promising treatments, but the advantage of this novel combination is the nature of its elemental compounds, guaranteeing safe administration in patients with OA for more than 3 injections. Repeated administration of SBCG may help ensure its effectiveness.
The results of this study are of particular significance for patients with knee OA, whose mobility and quality of life can be severely impaired. Improving a patient's ability to work and physical functioning is important, as this helps to maintain independence in activities of daily living, and the functional independence of older adults is associated with decreased mortality and decreased admission into nursing homes and hospitals. 21 This clinical trial had some limitations that should be considered. (1) For ethical reasons, the trial design did not include a control group with placebo; thus, the psychologic influence del Carmen Caamaño et al 5 when measuring pain could not be assessed. (2) According to our design, it was not possible to compare the experimental treatments for a longer amount of time due to the adverse effects that the control treatment might have produced. However, in a previous publication, we demonstrated the effectiveness of the combination of sodium bicarbonate and calcium gluconate in the reduction of knee OA symptoms for up to 18 months. 5 (3) Because the number of participants studied was small, patient data were not analyzed on the basis of OA severity. Thus, the study was not able to determine whether or not the formulation is more effective in patients with more severe symptoms. (4) The effectiveness of the SBCG solutions was not compared with additional treatments in this study. However, given the highly effective response observed in both the LFI and the WOMAC scores, much higher than that which has been reported for other treatments, we can anticipate that the study combination has a higher efficacy than most reported treatments. 
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Conclusions
Monthly intra-articular injections into the knee joint of sodium bicarbonate combined with calcium gluconate significantly reduce pain and improve physical function after the first monthly intervention. After 3 months, this treatment is significantly more effective than MP in reducing the WOMAC total score and the LFI score. The administration of both SBCG combinations represents a highly effective and safe alternative for the treatment of knee OA.
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